The nature of nite temperature transition in QCD is studied on a lattice with Wilson fermion. For massless quarks, the transition is smooth for N F = 2, while it is of rst order for N F = 3 and 6. These results are consistent with the prediction based on universality. For the massive degenerate N F = 3 case, clear two states signals are observed for m q < 140MeV . From the study of N F = 2 + 1 case, namely two massless u-, d-quark and a s-quark with light mass, our results suggest that the nite temperature transition in the real world is rst order.
The nature of nite temperature transition in QCD is a fundamental information for the study of quark-gluon plasma formation in high energy heavy ion collisions, and the evolution of the universe at the very early stage.
In this article we discuss on the point \ what is the nature of nite temperature phase transition with realistic quark masses". Quarks with much heavier masses than the transition temperature will decouple from the dynamics of transition. Because the physical strange quark mass is the same . It is further found that in the large ( 5:5 for N F = 2) region, the values of quark mass are independent of whether it is calculated in conned phase or deconned phase [2] , [3] , [4] . In the small region however, m q in the deconned phase does not agree with that in the conned phase and shows peculiar behavior if plotted as a function of 1=K, which may be due to O(a) lattice artifacts [4] , [5] .
Chiral limit(K c ()) is dened by extrapolating either m 2 or m q to zero in the conned region for 5:5, while for larger region it can also be dened directly by the point m q = 0. We further dene K t , which is the hopping parameter at which the nite temperature phase transition occurs. It is a function of temporal size of lattice N t , number of avor N F and . As rst noticed by Fukugita et al: [6] , whether the K t line crosses K c line or not was not trivial. This question can be answered if we know whether the point = 0 and K c = 0:25 is in the conned phase or deconned phase when number of avor is changed. The connement property at = 0 has been studied by Iwasaki et al: [7] . It has been concluded that for N F 7 the point = 0 and K = K c is in the deconned phase even in zero temperature(we have conrmed deconnement up to N t = 18) and for N F 6 it is in the conned phase for N t 4 .
In this article we present the results of simulations on 8 2 6 lattices. In the calculation of hadron mass, the size of third direction is duplicated. For the further details of simulations see [8] and [9] . In section 2, we show that the nature of chiral transition is continuous for N F = 2 and rst order for N F = 3 and 6. In section 3 the nature of the transition with massive quarks is discussed for N F = 3. In the case of degenerate m q , the rst order transition is observed for m q < 140M eV . For 
Chiral Phase Transition of Lattice QCD
In this section, we study the nature of phase transition at m q = 0, namely at the point where K c line and K t line crosses. We denote corresponding as ct . For this study we take a strategy to perform the simulation on K c () line starting from the deconned region and decrease until ct . We call this method as \on K c " simulation method.
It has been shown that in the conned phase, the zero eigenvalues appear in the quark matrix around K c , while in the deconned phase they are not small [7] . Therefore the number of iteration for quark matrix inversion N inv is a good indicator to discriminate the dierence of phase on K c . In addition to N inv , the measurements of Polyakov loops, Wilson loops and hadron screening masses are used to discriminate the dierences of phases. Fig. 2[6] , [3] , [10] , [11] . The crossing points ct obtained by \on K c " simulation method are consistent with the points determined by the extrapolation of the K t line toward K c , both for N T = 4 and 6.
The m 2 on K c in the deconned phase, are shown in Fig 3. They are decreasing gradually and at the region of ct , they are consistent with zero. Around ct we could not observe two states signal. From these results we conclude that the phase transition in this case is continuous. The same method as in the case of N F = 2 is applied for the study of N F = 3 and N t = 4. We observe clear two states signal at = 3:0; if a initial condition is deconned states, N inv is stable around several hundreds and system stays in the deconned phase, while if we start from a mixed states, N inv increases with trajectory. Similarly the hadron screening mass, quark mass, plaquette and Polyakov loop also suggest two states signal at = 3:0 [8] .
The situation for N F = 6 is completely same as the case of N F = 3 except that two-states signal is observed at = 0:3.
From these results we concludes that the nature of chiral transition for N F = 2 is continuous while for N F = 3 and 6 , rst order. These results are consistent with those from staggerd quark [12] , and the prediction based on universality arguments [13] . Before proceeding to the realistic non-degenerate quark mass case, we study degenerate N F = 3 case. In this case the simulation is made on K t line for N F = 3 in Fig. 2 . We observe clear two states signal at = 4; 0; 4; 5 and 4:7 (Fig. 4) We proceed to the study of realistic quark mass case: m u = m d ' 0 and m s 6 = 0. As the m crit q for degenerate N F = 3 case discussed in the previous section is almost same order of magnitude as the physical strange quark mass, the nature of transition will depends on m s sensitively.
In this case, conned and deconned phases are separated by the nite temperature transition line of strange quark K sT , which is shown schematically in Fig. 6 . Along K sT line, the nature of transition changes from rst order at ' 3:0 to continuous when is increased. We want to know whether the critical quark mass of s-quark m crit s at which the nature of transition changes from rst order to continuous is lighter than physical strange quark mass or not.
For this study we use the similar method as \on K c " simulation method; namely keeping K u = K d = K c , and K s to the value corresponding to of m s 150MeV or 400MeV , and decrease in the deconning region, until we hit K sT line. The K s for m s 150M eV and 400M eV are obtained from [9] and schematically shown in Fig. 6 .
In Fig. 7 we show time history of plaquette at the crossing point for m s 400M eV . Clear two states signal is observed at = 3:9, both on 
Conclusions and Discussions
Our results implies that chiral transition is continuous for N F = 2 (both for N t = 4 and 6), and for N F = 3 and 6 it is rst order. These results are consistent with those of staggerd quark [12] , and the prediction based on universality [13] . For massive degenerate N F = 3 case, our result imply m crit q > 140MeV ,and for N F = 2 + 1 m crit s > 400MeV . These critical quark masses are much heavier than those of staggerd quark [14] , [15] . Columbia group reported that rst order transition is not observed at m u a = m d a = 0:025, m s a ' 0:1. Using a 01 ' 0:5GeV for staggerd quark around this region [9] , [16] ,the quark masses in the physical unit are m u = m d ' 12M eV and m s ' 50MeV respectively. One of the pssibilities for the discrepancy will be that in the both simulations are far from continuum limit. To conclude the nature of transition in the real world, further studies with larger are necessary, but our result suggests a possibility for the rst order transition in QCD in the real world.
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